Background and Aim: Blood markers are not always regarded as satisfactory surrogate biomarkers for predicting endoscopic activity in ulcerative colitis (UC). However, those biomarkers have been evaluated solely based on endoscopic activity at the most severe colorectal location, taking no account of the extent of inflammation. This study aimed to examine whether integrated evaluation of severity and extent of endoscopic activity improves the performance of blood biomarkers for UC. Methods: We performed a retrospective study of UC patients who underwent colonoscopy and blood tests in our hospital. Blood tests were C-reactive protein (CRP), serum albumin (ALB), and platelet count (PLT). We compared blood markers with two versions of endoscopic activity assessed by Mayo endoscopic subscore (MES): the maximum score of MES in the colorectum (mMES, range: 0-3) and the cumulative score of MES of six colorectal regions (cMES, range: 0-18). Results: All three blood markers correlated well with both mMES and cMES, and each marker showed better correlation with cMES than mMES (Spearman rank correlation coefficient: PLT: 0.54 vs 0.47, ALB: −0.65 vs −0.52, and CRP: 0.52 vs 0.38, respectively). The predictability, including sensitivity and specificity, of each marker for endoscopic activity was also better for cMES, resulting in higher degrees of area under the curve (mMES vs cMES: PLT: 0.75 vs 0.83, ALB: 0.77 vs 0.90, and CRP: 0.75 vs 0.90, respectively). Conclusion: When incorporating the extent of inflammation, blood markers are better at predicting endoscopic activity of UC than previously considered and could be used as a reliable biomarker in clinical practice.
Introduction
Ulcerative colitis (UC) is a chronic inflammatory condition that causes continuous mucosal inflammation of the colon, usually without granulomas on biopsy. It affects the rectum and to a variable extent the colon in a continuous fashion, and is characterized by a relapsing and remitting course. UC patients present symptoms such as visible blood in stools, diarrhea, and abdominal pain. They may live with a considerable symptom burden and high risk of disability despite medical treatment. 1 Although evaluation of disease status by colonoscopy is necessary for adequate management of UC patients, colonoscopy is burdensome for both patients and physicians. In this context, surrogate biomarkers predicting endoscopic and/or disease activity have been investigated. Commonly used blood markers include C-reactive protein (CRP), [2] [3] [4] erythrocyte sedimentation rate (ESR), 3 serum albumin (ALB), 5 and platelet count (PLT), 6 and fecal markers including fecal calprotectin [7] [8] [9] [10] and fecal immunochemical test (FIT) are also used. [11] [12] [13] Blood samples are easily obtained in clinical practice and many studies have examined the correlation of blood biomarkers and endoscopic activity. However, the reported performance of blood biomarkers in inflammatory bowel disease (IBD) is not always satisfactory. [14] [15] [16] [17] For example, although CRP, the most common inflammatory marker, has been shown to have the best overall performance, there is remarkable heterogeneity among studies in the predictability for activity of UC. Previous studies reported that the sensitivity and specificity for disease activity were 67-73 and 87-97%, respectively, and those for endoscopic activity were 24-67 and 67-100%, respectively. 2, 7, 8, 17, 18 We hypothesized that the insufficient performance of blood markers in IBD is, at least in part, accountable to the methodologies that evaluated disease activities of IBD. In particular, most previous reports evaluated endoscopic activity only at the most severe colorectal location, without consideration of the extent of inflammation. Accurate evaluation of UC disease activity, which requires observation of both severity and extent of inflammation throughout the colorectum, may improve the predictability of blood markers.
The aim of this study was to examine whether blood biomarker performance for UC is improved by integrated evaluation of severity and extent of endoscopic activity.
Methods
Patients. All colonoscopy records of UC patients who visited Wakayama Medical University Hospital and underwent colonoscopy for evaluation of disease activity or surveillance between May 2010 and August 2016 were collected retrospectively in this study. Blood sample data from the day of colonoscopy or at the nearest hospital visit prior to colonoscopy (approximately within 1 week) were reviewed, and the values of PLT, ALB, and CRP were compared with the colonoscopy findings. Data of demographics of patients, extent of active inflammation at colonoscopy, and medication were also collected from electronic medical charts. In this study, we defined the extent of disease based on the locations where active inflammation was present.
All patients had been diagnosed with UC using the established endoscopic and histologic criteria assessment, and received medical therapy. Exclusion criteria were failed insertion of colonoscopy into the cecum and changes of symptom between the day of blood test and the day of colonoscopy.
The study protocol was approved by the institutional review board of Wakayama Medical University.
Colonoscopy. Bowel preparation was performed by polyethylene glycol-based or magnesium citrate-based electrolyte solution by oral administration. After colonic lavage fluid was cleared, patients underwent colonoscopy. Colonoscopy was performed by skilled endoscopists, and 10 or more still images were taken at each portion of the colorectum (cecum, ascending colon, transverse colon, descending colon, sigmoid colon, and rectum). Stored images were assessed by two of the authors (M.U. and J.K.) using the Mayo endoscopic subscore (MES) (0, normal or inactive disease; 1, mild disease with erythema, decreased vascular pattern, mild friability; 2, moderate disease with marked erythema, absent vascular pattern, friability, erosions; and 3, severe disease with spontaneous bleeding, ulceration). 19 Mucosal healing was defined as MES 0 or 1. For the evaluation of endoscopic activity at the point with the most severe inflammation in the colorectum, the maximum score of MES in the colorectum (mMES, range: 0-3) was used. Meanwhile, the cumulative score of MES (cMES) of each of the six portions for the integrated evaluation of endoscopic severity and extent of inflammation (cMES, range: 0-18) was used for analysis.
Statistical analysis. Statistical analysis was conducted using the JMP program (version 12, SAS Institute, Cary, NC, USA). Spearman rank correlation was performed to determine the association between blood markers and mMES or cMES. Categorical variables were compared using the χ 2 test. To obtain optimal cutoff values of blood markers, receiver operating characteristic (ROC) curve analysis was performed and the area under the curve (AUC) was calculated. Based on the obtained optimal cutoff values of blood markers, sensitivity, specificity, positive predictive value, and negative predictive value with 95% confidence intervals (CIs) were also calculated. All P-values were two sided and considered statistically significant when <0.05.
Results
Clinical characteristics of the patients. A total of 207 colonoscopies were performed on 68 UC patients between May 2010 and August 2016. Patient characteristics at colonoscopy are shown in Table 1 . The median age was 50 years (range: 19-79 years) and median disease duration at colonoscopy was 8 years (range: 0.07-55 years).
Colonoscopy findings and the results of blood markers are shown in Table 1 . The mMES 0 in the colorectum was observed in 52 (25%), mMES 1 in 61 (29%), mMES 2 in 55 (27%), and mMES 3 in 39 (19%) patients. Cumulative endoscopic activity throughout the colorectum (cMES) demonstrated three peaks of distribution (Table 1 and Fig. 1b ). The first peak was at cMES 0 in 52 (25%) patients. The second and third peaks were seen at cMES 6 in 16 (8%) and cMES 9 in 12 (6%) patients, respectively. cMES ≥ 10 was observed in 19 (9%) patients. As we expected, the area of endoscopic inflammation extended with increase in severity (Fig. 1) . Approximately 55% of patients with mMES 2 had extent of inflammation within the splenic flexure.
In contrast, the extent of inflammation beyond the splenic flexure was observed in 69% of patients with mMES 3 (Fig. 1a) . As for the cumulative endoscopic activity, the extent of inflammation in patients with cMES 6 or lower were likely to be confined within the splenic flexure, while most patients with cMES 7 or higher had inflammation beyond the splenic flexure (Fig. 1b) .
Correlation between blood markers and endoscopic activity. Correlation between blood markers (PLT, ALB, and CRP) and endoscopic activity (mMES and cMES) is shown in Figures 2 and 3 . All three blood markers correlated well with both mMES and cMES. More importantly, each marker showed better correlation with cMES than mMES (Spearman rank correlation coefficient: PLT: 0.54 vs 0.47, ALB: −0.65 vs −0.52, and CRP: 0.52 vs 0.38). In addition, the changes of blood markers (ΔPLT, ΔALB, and ΔCRP) observed in the intervals between colonoscopies in patients who underwent two or more colonoscopies (139 intervals in 68 patients) also correlated well with the changes of cMES (ΔcMES) (Spearman rank correlation coefficient: ΔPLT: 0.57, ΔALB: −0.49, and CRP: 0.54) (Fig. S1 , Supporting information).
Predictability of blood markers for mMES. The predictability of blood markers for maximum endoscopic severity in the colorectum (mMES) is shown in Table 2 . The cutoff value of each parameter for endoscopic active disease (mMES ≥ 2) was determined by ROC curve analysis, and PLT ≥ 26.7 × 10 4 /μL, ALB ≤ 4.2 g/dL, and CRP ≥ 0.23 mg/dL could discriminate patients with active disease with the highest AUC values (0.75, 0.77, and 0.75, respectively). With these cutoff values, the sensitivity of each parameter was 0.68, 0.73, and 0.57, respectively, and the specificity was 0.79, 0.73, and 0.81, respectively.
The ratios of fulfillment of each cutoff in patients with active inflammation (mMES ≥ 2) were examined based on the extent of inflammation (Table 3) . Patients with extent of inflammation beyond the splenic flexure were more likely to fulfill the cutoff values than those with inflammation confined within the splenic flexure in all of three blood markers (50% vs 81%, P = 0.0016, 43% vs 94%, P < 0.0001, and 26% vs 83%, P < 0.0001, respectively). These results suggest that only the confrontation with pinpoint endoscopic severity could not evaluate the performance of blood markers sufficiently in UC, and that the extent of inflammation should be incorporated in evaluation.
Predictability of blood markers for cMES. To further examine the performance of blood markers in association with disease severity and extent, we performed comparison with the values of cMES (cumulative inflammation throughout the colorectum) ( Table 4 ). The cutoff values calculated by ROC curve analysis, PLT ≥ 30.9 × 10 4 /μL, ALB ≤ 4.0 g/dL, and CRP ≥ 0.34 mg/dL, for discrimination of patients with cMES ≥ 9 showed better AUC values (0.83, 0.90, and 0.90, respectively) than the cutoff values for mMES ≥ 2. The sensitivity and specificity for cMES ≥ 9 were also higher than those for mMES ≥ 2 (sensitivity: 0.76, 0.88, and 0.85, specificity: 0.79, 0.79, and 0.81 respectively). These results confirm that blood markers reflect integration of severity and extent of inflammation more specifically than focal endoscopic severity in UC patients.
Discussion
The results of the present study indicate that blood markers (PLT, ALB, and CRP) correlate with both focal endoscopic severity and cumulative severity of endoscopic activity throughout the colorectum. More importantly, all three markers showed better predictability for cumulative activity than for focal activity. Thus, blood markers reflect integration of severity and extent of inflammation more specifically than focal endoscopic severity in UC patients. There have been several reports referring to the performance of blood markers on endoscopic activity in UC. However, most reports evaluated endoscopic activity using only the most severe inflammation in the colorectum. Our study provided clear evidence that evaluation by comparison with focal endoscopic activity underestimates the performance of blood markers and that the markers show better association with integration of severity and extent of inflammation. Therefore, these markers are more reliable than previously considered.
Blood markers are considered to substantially reflect inflammatory status occurring in the entire body. Therefore, our hypothesis and obtained results with regard to incorporation of extent of inflammation appear to be reasonable. The difference in the cutoff values obtained from ROC analysis in discrimination of endoscopic activity (CRP and PLT: higher for cMES, ALB: lower for cMES) in this study also confirms the concept of the reflection of extensive inflammation of blood markers. In this context, the strength of this study was that all the endoscopic data were based on colonoscopy findings from the rectum to the cecum. We previously showed that in evaluation of endoscopic activity of UC, sigmoidoscopy alone was not sufficient, particularly in patients with severe disease activity. 20 Uneven prevalence of inflammation in the colorectum of UC appears to be one of the reasons for previous underestimation of blood markers.
CRP, the most common serum inflammatory marker, has been examined as the biomarker for endoscopic activity of UC. A previous study indicated that CRP is not so useful in UC as it is in Crohn's disease (CD) for the assessment of disease activity, except in acute severe colitis. 21 A systematic review with meta-analysis demonstrated that the pooled sensitivity, specificity, and AUC estimates of CRP for endoscopic active disease were 0.49, 0.92, and 0.72, respectively. 4 Our results (sensitivity: 0.57, specificity: 0.81, and AUC: 0.72) for mMES ≥ 2 were in line with the meta-analysis results because all the papers included in the meta-analysis evaluated endoscopic activity of UC with focal maximum severity. In the present study, the sensitivity and AUC of CRP clearly increased when the target was changed from mMES to cMES (for cMES ≥ 9: sensitivity 0.85 and AUC 0.90). Thus, CRP, a sensitive marker for systemic inflammation, showed sufficiently high predictability even in UC when the extent of active inflammation was incorporated. In this context, the reported higher performance of CRP in CD may be attributable to the method of evaluation of endoscopic activity for CD, because endoscopic index for CD usually include the parameters of extent of disease.
Seo et al. 22 showed that disease severity in patients with UC is significantly influenced by five factors: bloody stool, bowel movements, erythrocyte sedimentation rate, hemoglobin, and ALB (Seo index). Thus, ALB has been regarded as a biomarker for disease activity in IBD, although the correlation with endoscopic activity in UC has rarely been reported. ALB is a negative acute phase reactant, and decreased levels can be found during inflammation. During the active phase of IBD, inflammation causes decrease in ALB with two scenarios: leak from intestinal mucosa due to mucosal injury caused by damage of vascular endothelium and enhanced permeability, and suppression of synthesis in the liver. Therefore, hypoalbuminemia is an inevitable accompaniment to the inflammatory process. Moreover, malnutrition and malabsorption due to IBD also cause low ALB levels. Thus, hypoalbuminemia is a consequence of the combined effects of inflammation and inadequate protein and caloric intake. 23 In the present study, the performance of ALB was equivalent to that of CRP. In addition, it should be noted that the cutoff for cMES (4.0 g/dL) was commonly used as the cutoff of normal range, suggesting that ALB levels below the normal limit may be a sensitive indicator of inflammation of UC.
Mean PLT was higher in UC patients with active disease than in inactive UC or healthy controls. 24, 25 The relevance of PLT dysfunction to IBD pathogenesis is still unclear, but in addition to the role in hemostasis, PLTs can also function as potent proinflammatory cells. 26 Activated PLTs by inflammation express CD40 ligand and can interact with a large number of CD40-bearing immune and non-immune cells. 27 This correlation may contribute to the increase in PLT in UC patients with active disease. [28] [29] [30] Schoepfer et al. 31 showed the correlation of PLT with modified Baron index (r = 0.49). In addition, Lobatón et al. 32 showed the correlation with MES (r = 0.38). Both reports evaluated focal severity of inflammation, and the results of those reports were consistent with our result for mMES (r = 0.47). Similar to the other two blood markers, PLT also better reflects inflammation incorporating disease extent (for cMES [r = 0.54]). Although PLT levels are likely to show variation among individuals, physicians should note that increase in PLT to more than 30 × 10 4 /μL indicates expansive mucosal inflammation.
In the clinical practice of UC, fecal markers, particularly fecal calprotectin, have been frequently used as well as blood markers. The predictability of fecal calprotectin for endoscopic activity in UC was reported in a systematic review and metaanalysis 4 with 0.88 sensitivity, 0.73 specificity, and 0.89 AUC. According to the predictive values, fecal calprotectin has been considered to be superior to blood markers. Interestingly, however, those values are quite similar to the values of blood markers for cMES in the current study. Therefore, in incorporating the severity and extent of activity, the predictive value of blood markers appears to be no lower than that of fecal calprotectin. In this regard, however, fecal calprotectin should also be evaluated in comparison to endoscopic activity incorporating extent of inflammation.
There are several limitations to this study. It was conducted with a retrospective design in a single hospital. However, as it was a cross-sectional observation study of clinical practices without intervention, the study design would not have caused great bias. Also, blood markers and endoscopic findings could not be compared with fecal markers and histological findings, because they were not routinely examined at the time. Most previous reports examined the correlation of fecal markers or histological findings with endoscopic activity using only focal endoscopic activity, so comparison with endoscopic activity incorporating extent of inflammation would reveal more clinical significance of those factors. The strength of the current study was incorporation of extent of inflammation into evaluation of blood makers. For this purpose, however, the optimal method for evaluation may have been continuous integration of endoscopic activity from the rectum to the cecum. Such methodology might show more reliable data for the performance of blood markers in the future.
In conclusion, our study revealed that blood markers (PLT, ALB, and CRP) reflect integration of severity and extent of inflammation more specifically than focal endoscopic severity in UC patients. Blood markers are more reliable than previously considered for disease evaluation of UC. They can be a surrogate instrument for colonoscopy, resulting in being helpful in the determination of treatment strategy. Physicians should pay more attention to the changes of blood markers in clinical practice of UC.
